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ABSTRACT
The article presents the results of a study of structural changes in the energy sector serving digital 
technologies for the urban environment of the future that is being created now. The study considers 
country-speciﬁc factors and problems of ensuring the sustainability of heat and power supply.
The authors look at the priority areas of a new phase of electriﬁcation aimed at the development of 
advanced energy-saving smart technologies, electric transport, electric cars and appropriate energy and 
utility infrastructure.
The case is studied of developing engineering, technical, organizational and economic solutions 
when overhauling the heat supply system in a ‘smart’ residential district of Yekaterinburg, one of 
 Russia’s megalopolises, that is being designed and constructed on the basis of the principles of intel-
ligent engineering infrastructure.
Keywords: smart city, sustainable energy, Smart Grid, electriﬁcation, heat supply, electric vehicles, 
electric heating.
1 INTRODUCTION
The deﬁning features of a smart city is a highly efﬁcient economy and effective management, 
high living standards, a dynamic business climate and labor mobility, a caring attitude 
towards the environment and people who are actively involved in the life of the city. In this 
regard, the smart city is a product of a partnership of business, authorities and scientists that 
creates a platform for knowledge exchange, collaborative learning and long-term innovation 
projects. Building a new smart city (or transforming a conventional city into a ‘smart’ one) 
means, on the one hand, its vertical hyperconnectivity, which shows in a high density of 
information systems within the urban infrastructure that enable its continuous remote moni-
toring, analysis and parameter control. On the other hand, the quality of the living environment, 
including clean water and air quality, access to transport services, good transport networks, 
safety and security is of critical importance [1–4].
A review of the literature on the subject of smart city development [5–11] shows that the 
electric power industry, or, more speciﬁcally, the way it adapts to the demands of proactive 
consumers plays a key role in the efﬁciency of such major projects. The degree of its adapta-
tion largely depends on the depth of electriﬁcation that makes it possible to provide a wide 
range of ancillary energy services. For example, Meijer and Bolivar [11] point out that a bulk 
of authors investigating the subject of smart city development with a technological focus 
emphasize energy technology and Smart Grids. This is due to the fact that electricity is the 
greenest and easiest-to-control energy carrier.
Radical transformations that are taking place in the energy infrastructure of big cities under 
the inﬂuence of smartization and its integration with the utilities sector as a whole determine 
the new requirements to stability of the energy sector. In this context, it is appropriate to make 
a distinction between stable functioning and steady development.
Stable functioning indicates the ability of the sector to meet the national or regional econ-
omy’s dema nd for electricity and capacity while ensuring the necessary level of reliability, 
quality and sustainability of power supply at a price that is acceptable to consumers and 
producers. This mode envisages the limited introduction of new capacity for the purposes of 
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reserve and renewal of ﬁxed assets, an increase in transmission network capacity, and 
improvements to operational and dispatch control systems.
Steady development is about the expansion of power supply, including by means of new 
capacity, in order to support economic growth and electriﬁcation. Steady development is 
measured by the volume and speed of the adoption of industry-speciﬁc innovations and sub-
sequent qualitative transformations of the energy sector (such as optimization of fuel and 
energy balance, digitization, development of small-scale electricity generation, research- 
intensive services). It is worth noting that steady development is impossible without ensuring 
the stable functioning of the electric power industry, but it is the steady development of the 
electric power industry that is both a condition for and a result of a technological  breakthrough 
in the economy [12].
The study analyzes the key features of the energy sector in smart cities, instruments for ensur-
ing its stable functioning and steady development. It considers the case of the  Akademichesky 
residential district of Yekaterinburg, one of the ﬁrst residential developments in Russia designed 
on the principles of smart engineering infrastructure, as an example of the practical application 
of advanced technologies for building electricity and heat supply systems.
2 DRIVERS OF ENERGY SECTOR DEVELOPMENT IN SMART CITIES: 
INTEGRATED UTILITIES INFRASTRUCTURE, ELECTRIC TRANSPORT, 
ELECTRIFICATION
A ‘smart city’ needs to address the problem of building its infrastructure on the basis of new 
technologies that are capable of the rational use of energy sources and a minimum impact on 
the environment [13, 14]. This calls for new solutions in the ﬁelds of power engineering, heat 
and water supply, energy accounting, waste disposal, as well as the creation of a more efﬁ-
cient transportation system and construction of ‘smart buildings’. Additionally, energy 
exchange in a smart city needs to be balanced by means of the smart grid – an automated 
self-manageable system that can receive electric power and transform it into an end product 
with minimum human involvement (Fig. 1).
Figure 1: Integrated energy system of ‘a smart city’.
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Smart cities, therefore, make a transition to integrated models of energy supply in which 
separate schemes of energy, heat, gas and water supply and telecommunication structures 
form one ‘system of systems’ that is capable of balancing power generation and consumption 
and of drastically reducing generation capacity by cutting consumption peaks, thus  producing 
a cumulative effect for other participants in the energy market.
The cases of such megalopolises as Barcelona, San Francisco, Amsterdam, Singapore 
show that the conﬁguration of the electric power industry plays a deﬁning role in attaining the 
key goals of the steady development of a city – from minimization of harmful emissions to 
Internet-based control of urban systems [15–18].
Electriﬁcation as the process of powering the economy by electricity, the most advanced 
energy carrier, is a critical factor in achieving the required stable conﬁguration by the energy 
sector. This deﬁnition emphasizes the integrity of the electricity consuming and power 
 generating spheres.
Each of these spheres are at different levels of preparedness (a combination of prerequi-
sites) for electriﬁcation. Demand for electriﬁcation is determined by the energy consuming 
system. Its preparedness is a function of motivation for embracing innovative electrical tech-
nologies, access to them and investment capital. Other prerequisites are a certain price ratio 
between electricity and alternative energy carriers, a drive for energy conservation (aimed at 
reducing electric power consumption and, consequently, electricity bills), government- 
provided incentives for cutting costs, adaptation of the market of electricity and capacity to 
electriﬁcation, especially in regard to competition in generation.
The preparedness of the power generating system implies the availability of the sufﬁcient 
amount of generating capacity that is synchronized by time and place of load coverage, the 
reliability and quality of power supply, energy efﬁcient technologies and prices that induce 
electriﬁcation.
The studies described in [19, 20] point to a new phase of electriﬁcation in the context of 
smart cities. The phase includes non-power intensive areas, such as:
s  qualitative changes in energy consuming household processes and considerable expansion 
of the range of smart appliances;
 s growing use of electric vehicles and expansion of the innovative supporting infrastructure;
s  widespread use of information and communications equipment as an electriﬁed process.
Additionally, higher levels of electriﬁcation in a smart city occur together with the intro-
duction of multi-agent control of energy information systems [21, 22]. This triggers the 
emergence of a wide range of internal and external research-intensive services in the energy 
sector of the region:
s  remote monitoring of equipment and engineering networks combined with energy com-
pany asset management systems;
 s customized consumer load management, lighting and climate control in buildings;
s  predictive maintenance based on Building Information Modeling (BIM) and Facility 
 Management (FM).
Electric cars remain a priority area of electriﬁcation in the majority of smart cities. The 
number of electric vehicles has been steadily growing: in 2011 there were 50000 electric cars 
in use across the world, and the number grew to 5m by 2018 (Fig. 2). In some countries, for 
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example Norway and the Netherlands, laws were passed on a complete switchover to electric 
vehicles in the long-term run (by 2030–2040). The main trends in the industry are the expan-
sion of EV charging stations and relevant infrastructure (e.g. ‘smart parking lots’), production 
of components and spares for electric vehicles, as well as production of electric vehicles and 
light vehicles such as electric scooters and electric bicycles [23, 24].
Electric transport is already having an impact on the electricity market. In Great Britain, 
for example, owners of electric cars are able to sell power from their batteries back to the 
national grid as of 2016 thanks to a collaboration between car maker Nissan and interna-
tional power group Enel [25]. This turns them into full-ﬂedged and active participants in 
the energy market. Vehicle-to-grid (V2G) charging units and electric vehicles enable their 
owners to create mobile energy centers that connect their vehicles and the grid. The owners 
of Nissans Leafs, one of the market bestsellers, can be plugged in to charge during off-peak 
hours when electricity is cheap, and subsequently power their homes during periods of 
high prices or sell electricity back to the grid. Electric vehicles can therefore provide reli-
able capacity backup for an energy system with rapid response times. A similar pilot project 
was successfully implemented by Volkswagen Group, Lichtblick and SMA Solar Technol-
ogy and Fraunhofer Institute Wind Energy and Energy System Technology in Germany in 
2016 [26].
3 CHANGES IN ENERGY SYSTEMS SERVING SMART DISTRICTS
The case of the Akademichesky district of Yekaterinburg, one of the biggest residential 
development projects in Europe, has been considered with the purpose of analyzing speciﬁc 
measures aimed at solving the problem of a stable energy supply in a smart district. By 2026, 
the 2,500-hectare area will encompass 14m square meters of housing, a medical school cam-
pus, several research institutions, production facilities, shopping malls and sporting centers 
(Fig. 3). The power layout of the district is presented in Fig. 4.
The construction of the Akademichesky district began in an area with a power surplus - 
there is a right-of-way for 500/220/110 kV electric transmission lines nearby. Nevertheless, 
a decision was made to build two dedicated combined heat and power plants with heat output 
capacity of 800 Gcal/h. Generating all thermal energy for the district’s needs at boiler houses 
would contradict the principles of sustainable development.
Figure 2: Electric vehicles in use worldwide.
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The ﬁrst combined cycle power plant was built in consideration of the expected summer-
time thermal load of the district and the goal of maximizing the fuel use efﬁciency of the 
generator. Today it exceeds 90%, with its electric efﬁciency reaching 55%.
The district’s power supply scheme is designed on the closed-loop principle (serving all 
category one power users), with a portion of CHP electric capacity delivered in the 
 regeneration mode to avoid additional losses.
A second CHP was added to the project to meet the reliability requirements of category one 
power users and to avoid additional expenditures and heat losses because it would otherwise 
be necessary to have extremely large diameters of the district heating piping network to 
deliver the designed heating capacity. Today, both electric and thermal losses in the district 
networks do not exceed 3 to 4%, complying with the highest world standards.
Since Akademichesky is ﬁrst and foremost a residential area, one of the tasks that had to 
be addressed in the course of its construction was the creation of a chain of smart residential 
Figure 3: Master plan of Akademichesky district.
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buildings. The following conditions served as the guiding principles for designing ‘a smart 
building’:
s  electriﬁcation of all processes – from microclimate systems to apartment (building) main-
tenance;
 s automated control of electronic and household appliances and climate control systems, 
with intelligent mode control elements (on and off regimes, parameter setting, device 
reprogramming). Human involvement is therefore reduced to entering the operation 
 sequence and monitoring performance using a smartphone or other portable devices;
s  a fully electriﬁed building makes the maximum use of energy saving devices and equip-
ment (e.g. LED lighting).
At present, around 10% of households in the USA and 3% of households in Europe have 
smart building systems; the ﬁgure is to grow two- or three-fold in the next few years [27]. The 
penetration of smart home technology in Russia is now less than 1 percent. New residential 
buildings in Russia usually have different levels of home automation. An optimum conﬁgu-
ration has been found in Akademichesky where ﬂats are equipped with a security control 
system (a video intercom, a panic button, a ﬁre alarm and suppression system) and a water 
detector. Home owners can have practically any Internet-of-Things services added to the 
system for a very small fee. The data collection and processing system of the building is a 
subsystem of the automatic process control system of energy suppliers. As a result, there is a 
single data base that receives data from households via in-ﬂat utility meters.
Merging the digital technologies of infrastructure companies on one single smart platform 
for accounting, analysis and processing of information produces a colossal shared effect. For 
example, the intelligent vide surveillance system of the district can be used to both ensure 
Figure 4: Power layout of the district.
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dwellers’ security and to monitor hazardous engineering infrastructure facilities, as well as 
for managing modern trafﬁc services such as smart trafﬁc lights. A modern apartment build-
ing subsequently starts to select the optimum combination of engineering technologies to 
meet the needs of its dwellers.
Electricity is increasingly used to either fully replace district heating or in combination with 
district heating even in case of optimum heating schemes. A separate question is the use of night 
time lower load periods to accumulate heat. Figure 5 presents a technical solution (that has yet 
to be implemented) that ﬁts the ideology of sustainable development: a number of buildings in 
the district that use electric heating take advantage of cheaper electricity rates at night to accu-
mulate heat in water heaters and concrete structures. Other buildings use a combination of 
conventional and electric heating. The solution is a product of a deep, systemic approach to all 
processes taking place in an apartment building. It is a known fact that the taller a building, the 
more difﬁcult and costlier it is to supply heating to upper ﬂoors. Since interﬂoor overlappings 
and common areas are not heavily insulated, upper ﬂoors warm up by themselves. One only 
needs to heat up the ﬂoors by means of electric spot heating. Temperatures drop at night, so the 
electric heating is more intensive, yet the nominal capacity of the heat network does not increase.
Figure 6 presents a 24-hour curve of thermal energy supply for hot water heating. Natu-
rally, the curve reﬂects the consumption of cold water by the dwellers of a speciﬁc building. 
However, electricity is required to pump water during peak consumption periods, so 24-hour 
electricity consumption curves practically replicate Fig. 6. The self-sufﬁcient heat supply 
scheme that is used in Akademichesky made it possible to level out peaks by adding the ‘hot 
water priority’ function. This reduces the peak load and nominal thermal and electric capac-
ity, which means the use of smaller diameter pipes and, therefore, lower investment spending. 
If additional water tanks are placed in buildings to cover peak water demand, electricity 
consumption will almost disappear.
There is one peculiar peak that does not depend on standard daily consumption. It occurs 
when the outside temperature exceeds 30o C and all air conditioners switch to maximum 
power. It is a seasonal feature that makes power generation by conventional installations 
economically inefﬁcient due to the absence of thermal load. It has happened before that 
power supply systems of cities literally fell apart in such situations. In this context, it is 
Figure 5:  Possible uses of electric heating in district heating schemes; 1 - rechargeable electric 
heating, 2 – hot water supply, 3 – electricity for household needs.
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appropriate to consider using absorption chillers that, ﬁrst, consume ten times less electricity 
than conventional air conditions and, second, can use waste heat from a power generator 
instead of costly primary energy. A load based scheme combining absorption refrigeration 
with small CHP that is designed for a speciﬁc location could become an instrument of distrib-
uted generation that offers perfect economic and environmental characteristics and could 
considerably facilitate the operation of the entire urban system. Information technologies of 
the smart city will manage these processes using ﬂexible tariffs and other solutions.
In order to level out the daily power supply proﬁle as much as possible, it is necessary to 
increase night time power consumption. The most obvious solution would be electric vehicle 
charging, today’s main trend in global car making. In Russia, though, a different trend is on the 
rise - that of natural gas vehicles, so the prospects of EV use in Russia are pretty much limited.
Stable power supply of smart buildings is accompanied by the emergence of new require-
ments for energy and capacity suppliers: the volume of new generating and grid capacity 
being put into service must match load growth; reliability of power supply must be backed by 
ﬁnancial commitments; consistent electric power quality (voltage in particular); lower prices 
of electricity and capacity for smart buildings as compared to traditional buildings. In this 
regard, the following technological and economic solutions could be proposed.
1. A part of the energy system employing highly maneuverable generating installations 
could be dedicated speciﬁcally to servicing smart cities, especially at the initial stage 
of their growth. This means creating relevant infrastructure at the levels of operational 
dispatch and control and strategic planning for the purposes of accelerated smartization 
of the energy industry. The issue has been a subject of wide debate in the scientiﬁc and 
industrial community [28–30]. The authors agree that among the considerations in fa-
vor of this proposal are the pilot character of the relevant technologies, the opportunity 
to perfect the mechanisms of virtual power plant management; and a low commercial 
 interest from large energy businesses.
2. Optimization of the structure of CHP by type of unit capacity of combined cycle in-
stallations with high power generation efﬁciency (for example, increasing the share of 
combined-cycle gas turbine installations).
3. Reduction of the power supply radius and of the length of the grid by using small and 
medium-sized generators.
Figure 6: 24-hour curve of thermal energy supply for hot water heating.
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4. Ensuring optimum load distribution among generating units with automated conﬁgura-
tion control of active equipment by, say, hour.
5. Use of energy saving house appliances and accumulators that are charged during the over-
night load valleys (for example, for heating and hot water supply); installation of accumula-
tors at generating facilities (the latter is a requirement for RES installations within the grid).
An important incentive for the development of smart cities is the price of electricity that is 
acceptable to various actors. Government energy pricing policy should wisely regulate the 
entire chain: the price of natural gas and the price ratio of gas to electricity; prices of energy 
equipment; the length of the grid, its transmission capacity and power losses.
The following options for cutting current expenses and capital expenditures are also 
 available: reducing per-unit fuel use by improving the efﬁciency of heat and power installa-
tions; automation of technological processes while maintaining their optimum operational 
parameters; reducing per-unit capital investment and per-unit ﬁxed expenses. This would 
minimize production cost variability in different operation modes, which is particularly rele-
vant to households due to uneven load schedules). Use of highly maneuverable generating 
installations; optimum load distribution among generators within local energy systems 
depending on the demand side load and energy efﬁciency of connected installations  (including 
RES);  optimization of consumer load schedules.
It is necessary to stress that the tariff police need to be adapted to the new energy consump-
tion patterns that are typical of smart territories. This means a wide range of differentiated 
energy tariffs; discounts for changing one’s energy consumption pattern and subsidies for 
smart building consumers; introduction of an effective cost management mechanism at power 
plants and in grids that could help reduce the price for consumers.
4 CONCLUSION
The development of smart cities is a pronounced trend in today’s new way of life in its broad 
sense. It combines cutting-edge technology, high living standards, environmental friendliness 
and increasingly intellectual infrastructure. A key factor to his development is the stability of 
the energy sector and its readiness to undertake a new stage of electriﬁcation, in which elec-
tricity penetrates practically all domestic, industrial and transportation  systems and processes, 
thus radically increasing their controllability and making them ‘greener’.
This study considers sector-speciﬁc solutions that would make it possible to develop an 
effective technological policy for energy supply to smart cities and mitigate various risks that 
emerge in the course of the implementation of the new stage of electriﬁcation.
When designing the energy system of a smart city and implementing electriﬁcation pro-
jects it is essential to consider appropriate and adequate technical and economic solutions. 
In addition to the issues covered in this article, the problem of bundling together individual 
generators into local energy systems with the goal of economic optimization of capacity 
utilization is of high interest to researchers. Another topic of current interest is demand 
side management programs that help improve the stability and reliability of the power 
supply and reduce the demand for smart installations along with bringing down capital and 
operating costs.
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